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(71) We, TRW Inc., a Corpora- 
tion organized and existing under the 
laws of the State of Ohio, United States of 
America, of 23555 Enclid Avenue, Cleveland, 
Ohio 44117, United States of America, do 
hereby declare the invention, for (which we 
pray that a patent may be granted to us, and 
the method byi which k is to be performed, 
to be particularly described in and by the fol- 
lowing statement: — 

This invention relates to the forming of a 
forged gear. 

The invention provides a method of forming 
a forged gear, the method comprising the steps 
of posftiomng a shaft within a die cavity hav- 
ing gear teeth shaping cavities at the periphery 
thereof, positioning a hollow forging billet 
about the shaft, the billet having its outer peri- 
phery in spaced relation to the cavities, the bil- 
let be ing at a temperature at which it is reGT 



ely 



tively plastic, and applying downward pressure 



on tne tnHet to cause compaction along the 
axial dimension of the billet and radial flow 
of the metal of the billet into the cavities, die 
pressure being sufficient to form gear teeth in 
the <billet and to join the shaped billet to the 
shaft with a metallurgical bond. 

The method is not confined to shafts of cir- 
cular configuration, as the shafts may have any 
•type of cross-seetionai configuration. One of 
tne adventages of the method of the invention 
is that the shaft and the forged gear can be 
composed of different materials, provided the 
shaft has a softening point in excess of the 
forging temperature employed for the shaped 
gear. The invention thus provides a low cost 
method for joining a precision forged gear on 
a shaft, whether solid or hollow. 

The invention will be better understood 
from the following illustrative description and 
accompanying drawings, in which : 

Figure 1 is a fragmentary view, partly in 
elevation and partly in cross-section of an ap- 
paratus suitable for the practice of the present 
invention; 

Figure 2 is a cross-sectional view taken sub- 
stantially along the line II— II of Figure 1; 



Figure 3 is a fragmentary vfew, partly, in 
elevation and partly in cross-section of a modi- 
fied form of apparatus which can be used in 
the practice of the present invention; 

Figure 4 is a cross-sectional view taken sub- 
stantially along the line IV— IV of Figure 3; 

Figure 5 is a view similar to (Figure 1 but 
illustrating the position of the components dur- 
ing the forging and bonding operation; and 

Figure 6 is a view similar to Figure 3 but 
Mustradng the position of the components dur- 
ing the forging and bonding step. 

In Figure 1, reference numeral 10 indicates 
generally the forging die apparatus which can 
be employed in the practice of the present in- 
vention. The die apparatus 10 includes a bot- 
tom bolster 11 having a recess therein which 
accommodates a back-up block 12 therein. The 
back-up block 12 rests on a shim 13 through 
which a kicker pad 14 and its associated shaft 
16 are arranged to reciprocate to eject the fin- 
ished piece from the die. 

A forging die ring 17 is tightly received 
within a forging die ring clamp 18, the latter 
being secured to the back-up block 111 by 
means of bofts 19 or the like. 

The apparatus shown in Figures 1, 2 and 
5 is arranged to simultaneously forge a spur 
gear and join the same to a hollow shaft. To 
tliat end, the internal periphery of the forging 
die ring 17 is provided with gear teeth shaping 
cavities 21 as best iflustrated in Figure 2 of 
the drawings. As best seen in Figure 1, the 
internal diameter of the cavity in the forging 
die ring 17 is sufficiently large to loosely re- 
ceive a billet 22 to be forged, the billet in this 
instance being a hollow cylinder. 'Simultaneous 
with the forging operation, the forged shape 
is joined to a shaft 23 consisting of a hollow 
tube extending through the back-up block 12 
and engaging the -kicker pad 14 as shown in 
Figure 1. 

The tube 23 is centered in the die assembly 
by means of a cylindrical mandrel OA which 
forms part of the punch assembly. The man- 
drel 24 is received in floating relation wi thin 
a punch element 26, the latter being secured 
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between a to? bolster 27 and a punch clamp 
28 by means of bolts 29 or the Ifte. The man- 
drel 24 has a headed portion 31 which is re- 
ceived in sliding relation within an axial bore 

5 32 formed in the punch 26. A coiled spring 
33 is disposed between the headed portion 31 
of the mandrel 24 and a ping 34 which is 
received in threaded engagement in the top of 
the punch 26. A second coil spring 36 is posi- 

10 noned between the lower surface of the headed 
portion 31 and a stripper ring 37 

In operation, the billet 22 is shpped down 
over the free end of the tube 23, the bdkt 
22 being heated to a forging temperature, in 

15 the case of steel or the like, a temperature 
of about 1900°F. or so would be appropriate. 
The billet may be pre-coated roth a flux capa- 
ble of dissolving oxides on the billet /Hie press 
assembly; is then tripped and the punch26 de- 

20 scends, clearing the tube 23 and exerting a 

20 expressive foree on the billet 22. Contmued 
movement of the punch 26 causes the mend 
of the baiet 22 eo be ^J2j 
m flow radially outwardly to fill the gear teetA 

25 forming recesses 21 in the forging <fce rng 17. 
At the same t'me, the extreme compaction of 

X metal billet 22 causesJtjm^owradjaUy 
inwardly andjbecome-boi^ to thr ffl i tet p en- 
^^^gg^ametaljuycal bond 

«, ih» lower ex Benaonbf die mandrel Z4, nong 
disposed in the area where Ae billet 22 epfe- 
riclV ureed against the tube 23, supports the 
tube 23 against inward bulging whjch is par- 
Sariy Sty when a thin walled tube is 

35 •iKSfttrf of the billet 22 tm been 
extruded radially to fm^cavitr of Aeforg- 
inu die ring 17 and to bond rtsdf to the outer 
periohery Of the tube 23, 4e -jm* |* 

40 raised. The spring loaded ^erring 37 is 
provided in the event there is a tendency for 
die tube 23 to seize on the floating [centering 
mandrel 24. The forged part is 
by the kicker pad 14 and removed from the 

45 ^tSJ^ of *e floating censing man- 
did 24 with the spring 33 and 36actpg on 
the headed portion 31 of the mandrel is par- 
ticularly useful where it is required to provide 

50 dose control of shaft runout, ^ther ^ 
stances, of course, the floating type mandrel 
mav not be necessary. . _ . • 

The embodiments shown m Figures3, 4 ana 
6 are dosely similar to those of the otto 

55 figures, but differ mainly in the fact tto the 
shaping portion of the assembly is [Pnmded on 
the punch rather than in a f orging 
In the^odiment iUustrated m the dr^n^ 
■ reference numeral 41 refers to a ^-up block 

60 which is bottomed on a *»**2J*Ja 
a sfiim 43 being interposed ^^tween A 
kicker pad 44 secured to a shaft 46 Js^ded 
for ejection purposes. A «uide member 4/ 
Sdc^a^cha^ly 48 over the back-up 

65 block 4a.Tforging billet 49 of annular con- 



figuration is loosdy received on the back-up 
block 41 with its inner periphery spaced from 
the outer periphery of a tubular shaft 51 as 
shown in Figure 3. 

The punch assembly includes a mandrel 
having a lower extension 52 serving to 
center the tube 51 and to prevent 
buckling thereof during forging operation. The 
mandrel 52 has a headed portion 53 against 
which a spring 54 is bottomed. The other end 
of the spring is bottomed against a plug 55 
in threaded engagement within a suitable bore 
provided in the punch assembly. 

As best illustrated in Figure 4, the bottom 
end of the punch assembly is provided with 
gear teeth shaping recesses 56 which, during 
the forging operation, operate on me billet 49 
to force the metal to flow radially thereby fill- 
ing up the recesses 56, and causing bonding 
to occur between the inner periphery of the 
billet 49 and the outer periphery of the tubular 
shaft 51. This condition is illustrated in Figure 
6 of the drawings. At the completion of the 
forging operation, the punch is raised, and the 
kicker pad 44 ejects the forged gear, now 
bonded to the tubular shaft, from the die as- 
sembly. 

As previously mentioned, the metal of the 
forged gear and the metal of the shaft may 
be different as, for example, when the forged 
gear is composed of steel and the shaft is com- 
posed of titanium. This type of construction 
permits a reduction in weight, lower cost or 
both. Another variation consists in providing a 
gear with a steel toothed ring and a titanium 
web. 

In the event mat a very high torque applica- 
tion is required, the shaft to which the gear 
is joined can be jmuried, flattene d or grooved 
prior to forging Inonler to provide a nigfter 
strength bond between the gear and the shaft. 

From the foregoing it will be understood 
mat the present invention provides an eco- 
nomical method for simultaneously forging a 
precision gear onto a shaft while bonding 
that gear to a portion of the shaft, whether 
hollow or soKd. Through the use of the method 
of the present invention, one can use dissimilar 
metals in the shaft and in the forged gear to 
utilize the best properties of each. 
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WHAT WE CLAIM IS : — 

1 A method of forming a forged gear, the 
method comprising the steps of positioning a 
shaft within a die cavity having gear teeth 120 
shaping cavities at the periphery, thereof, posi- 
tioning a hollow forging billet about the shaft, 
the billet having its outer periphery in spaced 
relation to the cavities, the billet being at a 
temperature at which it is relatively plastic, 125 
and applying downward pressure on die billet 
to cause compaction along the axial dimension 
of the billet and radial flow of the metal of 
the billet into the cavities, the pressure being 
suffident to form gear teeth in the billet and 130 
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to join the shaped billet to die shaft with a 
metallurgical bond 

2. A method as claimed in claim 1 in which 
the shaft is hollow. 

3. A method as Hamw< in claim 2 having 
the step of supporting the hollow interior of 
the shaft during forging to prevent budding. 

4. A method as claimed in dahn 1, 2 or 
3 in which the billet and the shaft are com- 
posed of different metals. 

5. A method of forming a {forged gear sub- 



stantially as herein described with reference to 
Figures 1, 2 and 5 or Figures 3, 4 and 6 of 
the accompanying drawings. 

6. A forged gear formed by the method of 
any preceding claim. 

POLLAK, MERCER & TENCH, 
Audrey House, Ely Place, 

London, 03G1IN GSN, 
-Chartered Patent Agents. 
Agents for the Applicants. 
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